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In October and November 2012 residents and tour-
ists in the Autonomous Region of Madeira, Portugal, 
were affected by dengue fever. The outbreak waned 
during the unusually dry winter. Using a Monte Carlo 
test we investigated the hypothesis that rainy weather 
conveyed increased risk of dengue virus infection 
among tourists. Results confirmed the hypothesis. As 
it is unclear whether the outbreak is over, upkeep and 
emphasis on mosquito avoidance on rainy days may 
help residents and tourists reduce infection risk.
Background
Public health authorities in the Autonomous Region 
of Madeira (RAM), Portugal have been monitoring an 
outbreak of dengue fever beginning October 2012 [1]. 
RAM is an archipelago in the Atlantic, politically part of 
Portugal but closer to Africa and on the same latitude 
as the African north coast. At 32° northern latitude the 
islands have a maritime and subtropical climate. Rains 
fall predominantly in the months of October through 
March [2]. As of 3 February 2013, over 2,000 cases 
among residents of Madeira had been reported, most 
between October and November 2012 [3]. In addition, 
78 cases from 13 European countries (including trav-
ellers from mainland Portugal) have been reported 
by the European Centre for Disease Prevention and 
Control (ECDC) in tourists to Madeira, including 19 
from Germany and 23 from the United Kingdom (UK) 
[4]. The number of cases decreased in December 2012 
[2] although a small number of cases in residents and 
tourists have continued to be reported throughout 
January and February 2013 [5-7]. 
A non-statistical comparison of German case data with 
rainfall information from an internet data source [8] 
led to the hypothesis, that visiting Madeira in autumn 
2012 during rainy days conferred a higher dengue 
virus infection risk than visiting during drier periods. 
To test this hypothesis, a Monte Carlo simulation with 
information from 19 German and 23 UK cases together 
with Madeira weather data, was used. The results may 
help to interpret a relative dearth of new cases since 
December and offer risk reduction guidance for resi-
dents in and tourists visiting Madeira.
Methods
The German National Weather Service provided vali-
dated information on rainfall at Funchal, Madeira, 
weather station between 1 July 2012 and 20 January 
2013 (6 am 24h reading projected on the preceding 
date) [9]. Laboratory-confirmed clinical dengue cases 
with known travel history to Madeira, as well as dates 
of travel to Madeira, sex, age and symptom onset 
dates, were extracted from the German database on 
notifiable infectious diseases [10] and the UK national 
dengue database [11]. Starting with the first reported 
cases which occurred in September 2012 this yielded 
a total of 42 cases. Based on a potential dengue fever 
incubation period of three to 14 days [12], likely risk 
periods on the island were calculated: date of arrival, 
or date of onset minus 14 days (whichever came later), 
to three days before symptom onset or date of depar-
ture (whichever came earlier). 
A Monte Carlo test was performed as follows: in the 
absence of actual control travellers, the travels to 
Madeira of 42 German and UK hypothetical travel-
lers were simulated 9,999 times. Data on German [13] 
and UK [14] traveller numbers per month were used 
as weights to account for any fluctuations in travel-
ler numbers. For each simulation, 42 start dates (i.e. 
arrival dates to Madeira) between 15 September and 21 
December 2012 were drawn at random from all avail-
able dates, each day’s probability to be drawn pro-
portional to the country-respective traveller numbers. 
In the two separate country groups, the cases’ risk 
periods were randomly allotted with replacement to 
these starting dates, yielding 42 risk periods per set. 
These 9,999 control sets and the actual 42 cases were 
compared on the following criteria: Whether they had 
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experienced any rain at all (>0 mm), what proportion of 
days during their risk period had been rainy, and the 
mean daily mm of rain during their risk period. A one-
sided Monte Carlo p-value was determined as the num-
ber of realisations among the 10,000, having a value 
equal to or more extreme than the actual observed 
value in the set of cases. 
Results
Between September 2012 and March 2013, 42 cases 
of dengue fever were reported in Germany and the UK, 
including 19 from Germany and 23 from the UK. For all 
cases, complete data were available. Symptom onset 
dates ranged from 27 September to 3 December 2012. 
Sex distribution was even, median age was 57 (range: 
20–73) years. Median duration of travel was eight days 
(range: 1–29). 
Figure 1 shows cases’ travel periods and onset dates 
relative to daily rainfall totals and maximum daily tem-
perature between 1 August 2012 and 19 January 2013. 
In the statistical comparison between the 42 cases 
and the simulated travellers (Figure 2), 40 of 42 cases 
(95.2%) experienced at least one day of rain during 
their risk period. Altogether, in the 10,000 realisations, 
a set with 92.5% or more* of the simulated travellers 
experiencing any rain during their risk period was very 
unlikely (808/10,000, p=0.0808). For the only two 
cases without rain in their risk period it rained on the 
day of their departure, two days before disease onset. 
For the cases, 63.2% of their risk period days were 
rainy – the highest value among all 10,000 realisa-
tions, i.e. p=1/10,000 or 0.0001. The cases also expe-
rienced statistically significant higher mean amounts 
of rain (6.5 mm per day on average during their risk 
period) than the simulated travellers (4.5 mm per day, 
p=0.0047). One case each from Germany and the UK 
were in Madeira during one-day cruise ship stops; on 
both days it rained.
Discussion
Our investigation supports a temporal association 
between tourists experiencing rain on Madeira and 
acquiring dengue fever in late 2012. While the lack of 
specific control persons may be considered a limita-
tion, the Monte Carlo method is a common statistical 
technique to assess associations [15]. In our study the 
lack of specific control persons is compensated by gen-
erating hypothetical control individuals based on only 
few assumptions, e.g. that travel length in controls 
is similar to the cases regardless of time of arrival. 
Weighting the analysis with monthly traveller num-
bers buffers the results against fluctuations caused by 
other factors (e.g. school holiday periods). The dengue 
mosquito vector, Aedes aegypti, was first identified in 
Figure 1
Travel periods to Madeira and symptom onset dates of German and United Kingdom laboratory-confirmed dengue cases, 
relative to daily precipitation and maximum temperature in Funchal, Madeira, 1 August 2012–19 January 2013 (n=42 cases)
















































Madeira in the mid-2000s [16] but no dengue cases 
were reported in Madeira until October 2012. The lack 
of recognised cases during the dry and warm summer 
period before the outbreak and the fact that there were 
no cases among travellers from Germany and the UK in 
December, a month with little rain in Madeira, would 
support the importance of rainfall for dengue virus 
transmission in Madeira – the trickle of reported cases 
in travellers from other countries and among Madeirans 
in December or thereafter is hard to interpret without 
known onset dates (published data only relies on noti-
fication dates). A combination of decreasing tempera-
tures (Figure 1) in December and vector control efforts 
by the Madeiran authorities [17] may have also contrib-
uted to the decrease in cases reported into December 
[17].
The exact role of rain in dengue virus transmission in 
Madeira is outside the scope of this paper, but it is 
important to identify rain as a marker for the tempo-
rarily increased risk to those exposed. Our data are in 
agreement with a tight temporal association – either 
the infective bites occur on the same days as the rain 
(possibly before, between or after showers rather than 
during actual rain), or with a short lag after the rain on 
following days. Aside from rain-increased mosquito 
activity another contributing factor could be that trav-
ellers may believe they do not need to use mosquito 
bite avoidance measures as rigorously on rainy days, 
or it is possible that indoor biting may play a role. 
Individual risk factors for bites constitute an area that 
requires further study.
December 2012 and January 2013 so far have been dryer 
than average (4 mm of rain in both of these months, 
compared with a median of 113 mm and 67 mm, for 
December and January, respectively between 1994 and 
2011) [2]. In the coming months both increasing tem-
peratures and rainy periods are to be expected. Until 
it is clear that the outbreak will not flare up again in 
2013, tourists to Madeira (as well as residents) should 
take precautions as for any area endemic for dengue 
fever, regardless of the weather: Risk of infection can 
be reduced by using personal mosquito bite avoidance 
measures (e.g. cover-up clothing, repellents) during 
the day, especially around dawn and dusk when Aedes 
mosquitoes are most active [18].
Figure 2
Rain exposure, comparison between the set of 42 laboratory-confirmed cases of dengue fever and 9,999 simulated sets of 42 
travellers arriving on Madeira, 15 September–21 December 2012 *
The 42 laboratory-confirmed dengue cases are indicated by a vertical gray dashed line. The 9,999 simulated sets of 42 travellers are shown 
in the form of blue histograms based on the total 10,000 sets.
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